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© Method of pulse-mode driving of a semi-conductor laser, driving device for a semi-conductor laser 
and laser-writing apparatus provided with such a driving device. 



© Method of pulse-mode driving of a semi-conduc- 
tor laser, driving device for a semi-conductor laser 
and laser-writing apparatus provided with such a 
driving device. 

A semi-conductor laser (60) is driven by first 
driving the laser in the LED region with a pedestal 
current pulse from a first current source (41) and by 
superposing thereon an information current pulse 
from a second current source (51) after current sta- 
bilization. Due to this two-stage drive switching tran- 
sients can be reduced so that shorter pulses are 
possible and unnecessary power dissipation be- 
tween the information pulses is avoided which contri- 
^butes to the lifetime of the semi-conductor laser. 
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Method of puise-mode driving of a semi-conductor laser, driving device for a semi-conductor laser and 
laser-writing apparatus provided with such a driving device. 



The invention relaes to a method of pulse- 
mode driving of a semi-conductor laser in which a 
pedestal current which is smaller than the laser- 
threshold current and an information current pulse 
are passed through the laser for obtaining a laser 
pulse, the sum of the pedestal current and the 
information current being larger than the laser- 
threshold current. The invention also relates to a 
driving device for a semi-conductor laser and to an 
optical writing apparatus provided with a semi- 
conductor laser and such a driving device. Laser- 
threshold current is understood to mean the mini- 
mum current through the laser at which the radi- 
ation is predominantly emitted as laser radiation. 
Within the scope of the present invention informa- 
tion current is understood to mean an electrical 
current which is passed through the laser in order 
to generate a laser pulse which corresponds to a 
unit of information to be recorded. 

The said method and devices can be used for 
recording information in optical record carriers. For 
example, data originating from an electronic com- 
puter or to be applied to such a computer can be 
stored on these record carriers. Also audio or video 
programmes may be recorded by a user himself. 
Examples of such record carriers are known under 
the names "Digital Optical Recording" or "DOR"- 
record, "Compact Disc" or "CD" and 
"Laservision "-records, respectively. 

In optical record carriers the information is cod- 
ed in information areas which are generally ar- 
ranged in tracks and alternate in the track direction 
with intermediate areas, which information areas 
are optically distinct from the intermediate areas 
and the lands between the information tracks. The 
information is stored in these tracks in the length 
and/or the frequency of the information areas and 
the intermediate areas. The information is recorded 
by scanning the radiation-sensitive surface of the 
record carrier by means of a writing beam focused 
to a radiation spot which is switched in intensity in 
accordance with the information to be recorded, the 
intensity variations causing local changes in the 
surface. 

The developments in the field of optically in- 
sert bable record carriers increasingly move in the 
direction of higher signal frequencies. For the write 
beam this means that the duration of the radiation 
pulses with which the information areas are formed 
becomes shorter. However, since the quantity of 
energy which is required to form an information 
area remains substantially equal or even increases, 
the power of the laser pulse must increase. The 
semi-conductor laser will thus have to be driven 



with shorter lasting and stronger current pulses and 
preferably also with a larger edge steepness. Upon 
driving a semi-conductor laser with such current 
pulses switching transients caused, for example, by 
5 parasitic capacitances and inductance in the wiring 
and electro-magnetic radiation effects start to play 
a role. 

The effect of the switching transients can be 
reduced by continuously passing a d.c.-current or 

70 pedestal current, which is slightly smaller than the 
laser-threshold current, through the semi-conductor 
laser. A laser pulse can then be generated by 
superposing an information current pulse on the 
d.c.-current, which pulse has such an intensity that 

rs the total current through the laser is larger than the 
laser-threshold current. Such a laser drive Is de- 
scribed in European Patent Specification No. 
0,053,974. However, this method has the drawback 
that due to the d.c.-current a considerable dissipa- 

20 tion occurs in the laser in the period between two 
pulses so that the lifetime of the laser is detrimen- 
tally influenced. The problem cited above also oc- 
curs in other uses in which a semi-conductor laser 
is to be switched rapidly. 

25 It is an object of the invention to provide a 

method of driving a semi-conductor laser with 
which the advantage of the use of a pedestal 
current is maintained whilst the dissipation in the 
period between two information current pulses is 

30 limited as much as possible. 

To this end the method according to the inven- 
tion is characterized in that the pedestal current is 
a pulsed current and in that a pedestal current 
pulse is switched on prior to an information current 

35 pulse and is switched off at the earliest at the end 
of the information current pulse. The invention is 
based on the recognition that for optical recording 
of information it is sufficient that the pedestal cur- 
rent is stabilized during the information current 

40 pulse and that it is thus not necessary to maintain 
the d.c.-current through the semi-conductor laser 
between the information pulses. Consequently, the 
pedestal current can then be switched off so that 
only little or no dissipation occurs in the semi- 

45 conductor laser between the information current 
pulses. Since the length of an information pulse 
may be significantly shorter than the duration be- 
tween two pulses when recording information in an 
optical record carrier, this measure may result in a 

so considerably longer lifetime of the laser. 

The method according to the invention may be 
further characterized in that the pedestal current 
pulse is switched on and/or switched off gradually. 
By causing the pedestal current at the commence- 
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ment of the pedestal current pulse to increase 
gradually and by reducing it gradually to zero at 
the end of the pulse, switching transients can be 
substantially avoided. 

The invention also relates to a driving device 
for a semi-conductor laser comprising a first and a 
second switchable current source which can be 
arranged in parallel the first current source sup- 
plying a pedestal current which is smaller than the 
laser-threshold current and the second current 
source supplying information current pulses, the 
sum of the pedestal current and of the information 
current being larger than the laser-threshold cur- 
rent. A device of this type is described in the said 
European Patent Specification No. 0,053,974. 

According to the invention a device of this type 
is characterized in that the driving device com- 
prises a first and a second pulse shaper for gen- 
erating a first and a second switching pulse in 
order to switch the first and the second current 
source, respectively, the commencement of the 
second switching pulse being delayed with respect 
to the commencement of the first switching pulse 
and the length of the first switching pulse being at 
least equal to the sum of the length of the second 
switching pulse and the length of the time interval 
between the commencement of the two switching 
pulses. 

The driving device according to the invention 
may be further characterized in that the first current 
source can be switched on gradually. By causing 
the pedestal current to increase gradually from 
zero to its maximum value, turn-on transients can 
be substantially avoided. 

The driving device according to the invention 
may be further characterized in that the first current 
source can be switched off gradually. This makes it 
possible to suppress turn-off transients. 

An embodiment of the driving device according 
to the invention is characterized in that at least one 
current source is a capacitor. A capacitor having a 
sufficient capacitance can be switched rapidly and 
in between the pulses it can be recharged from a 
constantly connected supply. 

The invention also relates to a laser-writing 
apparatus comprising a semi-conductor laser and a 
driving device therefor, an optical system for focus- 
ing laser radiation generated by the semi-conductor 
laser to a radiation spot on the radiation-sensitive 
surface of an optical record carrier and means to 
move the radiation spot and the radiation-sensitive 
surface with respect to each other. A laser-writing 
apparatus according to the invention is character- 
ized in that the driving device is formed in accor- 
dance with a method as described hereinbefore. 

The invention will now be described in greater 
detail by way of example with reference to the 
accompanying drawings in which 



Figure 1 shows graphically the relationship 
between the optical power generated in the laser 
and the current intensity, 

Figure 2 illustrates a known method of driv- 
5 ing a semi-conductor laser, 

Figure 3 shows a further known method, 

Figure 4 shows diagrammatically the method 
according to the invention, 

Figure 5 shows diagrammatically a device 
w for performing the method according the the inven- 
tion, 

Figure 6 shows a preferred embodiment of a 
driving device according to the invention, 

Figure 7 shows a laser-writing apparatus ac- 

75 cording to the invention. 

In Figure 1 the radiation intensity P emitted by 
the semi-conductor laser is plotted as a function of 
the electric current I passed through the laser. This 
Figure shows that only above given current inten- 

20 sity, the laser-threshold current l lh , a considerable 
portion of the radiation emitted by the semi-con- 
ductor laser is laser radiation. Below the slightly 
lower current intensity I Q there is no laser radiation 
generated at all. This region is referred to as the 

25 LED region, in view of the radiation effect occur- 
ring. 

Figure 2 shows the drive mode which has 
hitherto been used frequently for a semi-conductor 
laser. The top left portion of the Figure corre- 

30 sponds to Figure 1. The bottom left portion shows 
the time variation of the current through the laser 
with the time axis being the vertical axis. At the 
current pulses l p1 and l p2 shown the current is 
brought in one step from zero to the inforamtion 

35 current intensity and thereafter it is switched to 
zero again in one step. Due to these great changes 
in current intensity all kinds of less wanted side- 
phenomena are provoked which are caused by 
parasitic capacitances and inductance of the wiring. 

40 These effects generate a distortion and stretching 
of the laser pulse as is illustrated in the right-hand 
half of the Figure in which the pulses R p1 and R p2 
show the power emitted as radiation as a function 
of time. It is when very short pulses are generated 

45 that this phenomenon is unwanted because the 
desired intensity cannot be realized or cannot be 
realized long enough. 

Figure 3 also shows a known alternative of this 
method with which a steep rising edge and a high 

so intensity can be achieved. The lay-out of this Fig- 
ure is the same as that of Figure 2. As is shown in 
the bottom-left part the current between the pulses 
is not reduced to zero but to a value l b which is 
below the laser-threshold current l th . A value in the 

55 high LED region is preferably taken, hence slightly 
lower than l D . As is shown in the right-hand part of 
the Figure steeper edges are realized therewith so 
that also for short pulses the radiation pulses R p1 
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and R P 2 are square-shaped. However, a power dis- 
sipation in the semi-conductor takes place between 
the pulses, which dissipation leads to a reduction in 
the lifetime of the laser. At the current intensities 
used the power dissipation is approximately lin- 
early dependent on the current intensity. Thus, the 
horizontal axis in the Figure may also represent the 
dissipated power. Since in a typical use as a writ- 
ing laser in an optical record carrier the pulse 
duration t p is only 5 to 10 % of the repetition 
period t r , this dissipation cannot be ignored. As 
described in British Patent Specification No. 
2,118,352 the pulse duration is shorter than the 
repetition period because the distance over which 
the radiation spot on the surface of the record 
carrier is moved during the duration of the pulse is 
much smaller than the diameter of the radiation 
spot. A typical value of the pulse duration is 20 ns, 
which implies a distance of 0.1 um at a scanning 
rate of 5 m/s, and which is thus much smaller than 
the spot diameter of 1 ixm. At a pedestal current of 
50 mA and a voltage drop across the semi-conduc- 
tor laser of 1.6 V between the pulses a power of 80 
mW is generated. During a pulse, for example, the 
voltage drop is 1.7 V and the current is 100 mA, 
which corresponds to a power of 170 mW. If the 
ratio between pulse duration and repetition period 
is 1:10, this means that more than four times as 
much energy is dissipated between the pulses than 
during the pulses. 

As is illustrated in Figure 4 this unwanted dis- 
sipation can be largely obviated according to the 
invention by switching off the pedestal current dur- 
ing the greater part of the duration between two 
information current pulses so that also the pedestal 
current is a pulsed current in which the pedestal 
current pulses l bp i and I bp2 overlap the information 
current pulses l' p1 and l' p2 . The exact duration and 
shape of the rising edge of the pedestal current 
pulse is of little importance provided that the cur- 
rent intensity is stabilized at the instant when the 
information current pulse is passed through the 
laser. Also the shape of the falling edge of the 
pedestal current pulse is only of secondary impor- 
tance, in the case of equal current and voltage 
values as indicated in the example above and 
further assuming that there is a linear increase and 
decrease of the pedestal current pulse and a turn- 
on and turn-off time of the pedestal current pulse 
which is equal to the pulse duration itself, the ratio 
between dissipated energy between the pulses in 
and during the information current pulses is 8:17. 
The quantity of energy which is dissipated between 
the pulses is thus approximately half the quantity 
generated during the pulses and in the case of 



equal pulse intensity approximately one eighth of 
the dissipation between the pulses without use of 
the invention. This difference is indicated by a 
shaded area in Figure 4. 

5 Figure 5 shows diagrammatically a device for 

performing the above-mentioned method. The ref- 
erence numeral 10 denotes diagrammatically a sig- 
nal source which supplies a signal to be written in 
the form of a series of pulses to the driving device. 

70 This signal source is, for example, an input-output 
channel of a digital computer or an analog-to-digital 
converter which converts an analog audio or video 
signal into a series of pulses. The output of the 
signal source 10 is connected via the connection 

75 11 to the inputs of two pulse shapers 20 and 30. 
These convert the pulses originating from the sig- 
nal source 10 into switching pulses for the switches 
40 and 50 which are connected via the connections 
21 and 31 to the pulse shapers. The commence- 

20 ment of the switching pulse generated by the pulse 
shaper.20 is delayed with respect to the pulse 
supplied by the shaper 30. This delay is sufficiently 
large to cause the pedestal current, which starts 
flowing after closing switch 40, to stabilize before 

25 switch 50 is closed. The length of the pulse sup- 
plied by shaper 30 is at least equal to the sum of 
the length of the said delay and the length of the 
switching pulse supplied by shaper 20. 

A pulse originating from the signal source 10 

30 thus first causes the switch 40 to close via shaper 
30 so that a pedestal current originating from the 
pedestal current source 41 flows through the semi- 
conductor laser 60, and subsequently the switch 50 
closes for the duration of the information current 

35 pulse so that the total current through the semi- 
conductor laser exceeds the laser-threshold current 
and hence a laser pulse is emitted. Finally the 
switch 40 is opened simultaneously with or shortly 
after opening the switch 50 so that the total current 

40 through the laser 60 decreases to zero. 

Figure 6 shows diagrammatically a slightly dif- 
ferent embodiment of a driving device according to 
the invention. The signal source 110 and the pulse 
shaper 120 are comparable with the elements 10 

45 and 20 described with reference to Figure 5. The 
switches 140 and 150 are in the form of transistors, 
for example FET's, and the pulse shaper 130 is 
formed in such a way that the pulses originating 
therefrom have gradually rising and falling edges. 

so The current sources 141 and 151 are capacitors 
which are charged from a supply source 170 in the 
interval between two pulses via the resistors 142 
and 152. When a laser pulse is generated a portion 
of the charge present in the capacitors is used for 

55 the current through the semi-conductor laser 160. 
In order to inhibit parasitic capacitances, induc- 
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tance and electromagnetic radiation effects, the 
current sources, the switches and the semi-conduc- 
tor iaser are preferably placed as close as possible 
together so that the wiring is as short as possible. 

Figure 7 shows diagrammatically a laser-writing 
apparatus in which a driving device according to 
the invention is incorporated. A disc-shaped plate 
270 which is provided with a radiation-inscribable 
layer 271 is brought to a rotating movement about 
a shaft 273 by a motor 272. A semi-conductor laser 
260 emits laser pulses which is focused by means 
of a focusing system, diagrammatically shown by a 
lens 261, to a radiation spot 262 on the radiation- 
sensitive layer 271. Since the plate 270 rotates 
about the shaft 273, a track of optically readable 
areas will be produced in the radiation-sensitive 
layer at the area where the radiation spot has acted 
on the radiation-sensitive layer, alternated with in- 
termediate areas which correspond to instants at 
which the semi-conductor laser did not emit any 
iaser radiation. According to the invention the semi- 
conductor laser 260 is driven by a driving device 
220 which passes both pedestal current pulses and 
information current pulses superposed thereon 
through the laser. The driving device generates 
these pulses in response to a digital signal originat- 
ing from the signal source 210. 

Claims 

1. A method of pulse-mode driving of a semi- 
conductor laser in which a pedestal current which 
is smaller than the laser-threshold current and an 
information current pulse are passed through the 
laser for obtaining a laser pulse, the sum of the 
pedestal current and the information current being 
larger than the laser-threshold current, character- 
ized in that the pedestal current is a pulsed current 
and in that a pedestal current pulse is switched on 
prior to an information current pulse and is 
switched off at the earliest at the end of an in- 
formation current pulse. 

2. A method as claimed in Claim 1, character- 
ized in that the pedestal current pulse is switched 
on and/or switched off gradually. 

3. A driving device for a semi-conductor laser 
comprising a first and a second switchable current 
source which can be arranged in parallel, the first 
current source supplying a pedestal current which 
is smaller than the laser-threshold current and the 
second current source supplying information cur- 
rent pulses, the sum of the pedestal current and of 
the information current being larger than the laser- 
threshold current, characterized in that the driving 
device comprises a first and a second pulse shaper 
for generating a first and a second switching pulse 
in order to switch the first and the second current 



source, respectively, the commencement of the 
second switching pulse being delayed with respect 
to the commencement of the first switching pulse 
and the length of the first switching pulse being at 
5 least equal to the sum of the length of the second 
switching pulse and the length of the time interval 
between the commencement of the two switching 
pulses. 

4. A driving device as claimed in Claim 3, 
10 characterized in that the first current source can be 

switched on gradually. 

5. A driving device as claimed in Claim 3 or 4, 
characterized in that the first current source can be 
switched off gradually. 

75 6. A driving device as claimed in Claim 3, 4 or 

5, characterized in that at least one current source 
is a capacitor. 

7. A laser-writing apparatus comprising a semi- 
conductor laser and a driving device therefor, an 

20 optical system for focusing the laser radiation gen- 
erated by the semi-conductor laser to a radiation 
spot on the radiation-sensitive surface of an optical 
record carrier and means to move the radiation 
spot and the radiation-sensitive surface with re- 

25 spect to each other, characterized in that the driv- 
ing device is embodied as claimed in any one of 
Claims 3, 4, 5 or 6. 
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